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REVIEW OF LITERATURE 
Introduction 
Saffle (1968) defined a meat emulsion as a two phase system: the 
dispersed phase consists of fat particles surrounded by a continuous 
aqueous phase. The more complex continuous phase or matrix (Schut, 1976) 
is a solution of salts and proteins and a medium in which insoluble 
proteins, particles of muscle fibers and connective tissue are dispersed. 
Because there is a considerable amount of unsolubilized protein in the 
matrix, it is a very viscous material. Due to this viscosity, it is 
probably more appropriate to refer to a meat emulsion as a batter. 
However, it ha^  been common to refer to this meat batter as an emulsion, 
hence the term emulsion will be used here. The preparation of an 
emulsion was described by Webb (1974) as the reduction of meat particle 
size for protein extraction and the continuous phase established by 
hydrophilic bonding with water. When the fat portion is added, the 
dispersed phase is formed and held by lipophilic bonding with protein in 
the matrix. 
This review of emulsions will cover the various components, 
descriptions of their interactions and influences on emulsion stability. 
The order will primarily follow the sequential steps of sausage pro­
duction given by Webb (1974). In discussing emulsions, the terms 
emulsion capacity and stability will be used. Emulsion capacity refers 
to the amount of oil a specific quantity of protein in a dilute solution 
can successfully emulsify. This term applies in most instances to a 
2 
laboratory or model system situation since a meat emulsion Is comprised 
of solid fat and a concentrated protein solution with not all of the 
protein solublllzed. Emulsion stability is more applicable to production 
situations. This term refers to the ability of an emulsion to go through 
formation retaining its moisture and fat in the matrix during heat 
processing. 
Meat 
Proteins 
Skeletal meat proteins can be divided into three classes; sarco­
plasmic, stromal artd myofibrillar proteins (Briskey, 1967). Sarcoplasmic 
proteins are soluble in salt solutions of less than 0.03 M. This group 
of over 100 proteins consists mainly of glycolytic enzymes, creatine 
kinase, myoglobin and a small amount of extracellular protein (Scopes, 
1970). In fast skeletal mammalian muscle, 55 mg of 190 lAg total protein 
per gram of muscle are sarcoplasmic proteins. This calculates to be 29% 
which is near the value of 34% cited by Hamra (1960). This group of 
proteins has little influence on emulsion formation (Froning et al., 1970; 
Fukazawa et al., 1961; and Swift elbal., 1961). Since they are soluble 
at low ionic strengths, they probably possess little hydrophobic bonding 
capacity, nor do they contain enough viscosity to hold the dispersed fat 
phase. 
The second class, stromal proteins, make up 1-2% of muscle (Goll, 
1965). This group consists of proteins that are Insoluble in neutral 
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aqueous solvents. Collagen is the primary stromal protein. Elastin, 
some membrane proteins, glycoproteins and mucoproteins associated with 
ground substance are also included in the stromal protein class. Collagen 
can emulsify fat but does not produce stable emulsions (Cunningham and 
Froning, 1972). The failure to successfully bind fat is due to the 
shrinkage of collagen fibers, one-third to one-fourth of the original 
length, at temperatures of 60-70°C. At approximately 80°C, collagen 
begins to change into the fluid gelatin. Both fiber shrinkage and 
gelatin formation cause the protein coating around fat particles to 
rupture, allowing the encapsulated fat particles to coalesce. 
The third class makes up the major portion (50-55%) of the skeletal 
muscle proteins and includes the proteins involved in muscle contraction. 
Ttiese proteins are soluble in solutions of 0.3 M or higher and Include 
myosin, actin, tropomyosin, troponin, M-proteins, C protein, a actlnin, 
and g actlnin (Brlskey, 1967). A variety of neutral salts have been used 
to solubillze proteins (potassium chloride (KCl), potassium iodide (KI), 
sodium chloride (NaCl)) giving them the name salt-soluble proteins. The 
solutions and conditions used have varied In ionic strengths from 0.3 M 
to 1.2 M and over a wide range in temperature. Helander (1957) found 
temperatures less than 8^ C (46.4°F) and ionic strengths of 1.1 y and 
1.2 y KCl and 1.1 y KI gave maximum extraction of contractile proteins. 
Extraction is often carried out with ionic strengths of 0.5 to 0.6 y using 
salts such as KCl (Szent-Gyorgy, 1945). There were also the approximate 
conditions used by Goll et al. (1964) and Sayre and Brlskey (1963). 
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Researchers Involved with processed meats have examined protein extraction 
using NaCl as this Is the salt used In emulsion production. Glllett 
et al. (1977) found that as salt concentration Increased up to 9% 
(1.5 y), the amount of extractable protein increased, with optimum 
extraction at 7.2°C (45.0°F). Bard (1965), citing unpublished data from 
Trautman's work, reported a linear relationship between increasing amount 
of soluble protein extracted up to 10% (1.7 y) sodium chloride. The 
total amount of protein extracted decreased from 10 to 20% NaCl when 
extracted at 0°C (32°F), He reported 4 to 5 grams of protein per 100 g 
meat were extracted -5°C (23°F) . Extracted protein decreased as temperature 
increased from -5°C (23°F) to 3°C (37.4°F). At 30°C (86°F), approximately 
1 g of salt-soluble proteins was extracted from 100 g of meat. 
The production of an emulsion product utilizes the principle of 
protein extraction. The lean portion of the batch is chopped with salt 
and ice or water. This allows the particle size to be reduced in the 
presence of a salt solution of sufficient ionic strength to extract the 
protein. The use of ice makes it possible to keep the temperature in 
the optimum range (below 0°C) long enough for extraction to take place. 
Pre-rlgor meat 
The physiological condition of the meat can affect protein 
extractabillty. Johnson and Henrlckson (1970) reported extractable salt 
soluble protein content in pre-rigor porcine muscle was 69.6% greater 
than in post-rigor muscle. Protein extractabillty remains high until one 
to two hours before muscle goes into rigor (Van Eerd, 1972). He found a 
5 
drop in protein extractability of 33% for longlssimus and 45% for 
semitendinosis after rigor. For beef muscle, Acton and Saffle (1969) 
found 38.8% soluble protein in pre-rigor meat compared to 26.2% in 
post-rigor beef. 
Frozen meat 
Freezing meat has been shown to reduce the amount of soluble protein. 
Saffle and Galbreath (1964) found a nine percent reduction of soluble 
protein in meat frozen for two days. Gillett et (1977) found that 
emulsification efficiency in soluble protein extracted from frozen rib 
eye to be greatly reduced. Both authors suggest that freezing denatures 
the muscle proteins resulting in decreased protein solubility. Computer 
programs for least cost formulations lower the bind values on meat 
sources by 10% if it is used as frozen meat. 
Meat type 
The type of meat influences the amount of soluble proteins available 
for emulsion formation. Saffle and Galbreath (1964) evaluated 19 meats 
for the amount of salt soluble protein. They reported values ranging 
from 45.6% to 3.45% extractable protein. These authors also looked 
at salt soluble protein from four locations within cutter grade cow 
carcasses. Ranking them on percent salt soluble protein of total protein 
shows rib and loin (36.28%), round (35.03%), chuck (31.84%) and shank, 
brisket, plate and flank (31.56%). More recent work (Gillett et al., 
1977) examined nine types of meat for the amount of salt soluble protein. 
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They found beef rib eye to have the highest amount, 20.18 mg/ml compared 
to 2.35 mg/ml for tripe. 
Borton et (1968) ranked salt soluble protein from 13 meats on 
their emulsifying capacity per gram of sample. These date demonstrated 
two groups having either a high or low emulsifying capacity. The high 
group Included lean skeletal muscle tissue from poTk, beef, veal and 
mutton plus pork and beef hearts. The low group consisted of trimmings 
high in fat content from pork and beef and brain tissue. 
Water 
Water or ice has several purposes including serving as a medium to 
dissolve salt and as a means of keeping the temperature reduced. Swift 
and Sulzbacher (1963) found the reduction of added water decreased the 
effectiveness of emulslflcatlon. They attributed this reduction to a 
limited aqueous phase or to a too concentrated protein in the dispersed 
phase rather than influencing the NaCl-proteln Interaction. Their 
results agree with Schut's (1976) premise that the swelling of muscle 
tissue is necessary for efficient emulslflcatlon. In model systems, it 
has been shown that as the concentration of protein decreases, the 
emulsifying capacity increases (Borton et al., 1968; Gillett et al., 
1977; Maurer et al., 1969; and Swift et al., 1961). Ivey et al. (1970) 
found in their model system that as protein concentration decreased, a 
greater degree of unfolding of the protein helix occurred, allowing for 
greater oil-protein interaction. The authors suggest that the volume of oil 
that can be emulsified to give a high stability is dependent on the 
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quantity of water in the emulsion. Morrison e^  (1971) found lean and 
fat percentages could be varied over a wide range of levels without 
significantly affecting emulsion stability but the range for water was 
narrow and critical to stability. With fat held constant at 27%, emulsion 
stability peaked between 20-35% added water. At a constant protein level, 
cook stability peaked between 15-30% added water. These authors propose 
that with more water there is less protein-protein interaction or some 
of the proteins are removed or a more efficient protein is substituted 
for a less efficient protein at the oil-water interface. (A note should 
also be made about water quality. Hard water contains heavy metals that 
lower stability.) 
Fat 
Fat and protein interaction 
In the process of emulsion formation, fat is added after sufficient 
protein is extracted. This section will cover the fat-protein inter­
action, fat type and fat level influence on emulsion capacity and 
stability. 
Early work on emulsion structure by Hansen (1960) reported that 
myosin and actomyosin appeared to concentrate at the fat globule surface 
and form a stabilizing membrane. Swift et al. (1961) found that during 
emulsion formation up to 84% of the salt soluble proteins became 
insoluble, suggesting that the proteins had entered the oil and water 
Interface and became denatured. 
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Histological sections (Froning et al., 1970) made after removal of 
salt soluble proteins have larger fat globules than in control emulsions. 
When the amount of salt soluble protein decreases, the emulsion capacity 
of tissue powders also decreases (Satterlee and Free, 1973). Tissue 
powders with the greatest amount of salt soluble proteins also have the 
proteins with the greatest ability to emulsify fat. Emulsification 
studies using 25 ml of the extraction solution showed that the higher 
the protein concentration, the more oil emulsified. When the data was 
expressed as ml of oil emulsified per 100 mg protein, the lower protein 
concentrations were more efficient (Gillett et al., 1977). Crenwelge 
et al. (1974) reported that with a variety of protein sources an increase 
in protein concentration resulted in increased emulsification. The 
optimum concentration is largely dependent upon the protein type. These 
researchers agree with Johnson (1976) that the protein concentration in 
the soluble phase of meat emulsions is the most important single factor 
in emulsion stability. In trying to determine which salt soluble 
proteins contribute most to emulsion formation, many researchers have 
isolated proteins and examined their emulsion forming qualities. Myosin 
followed by actomyosin appear to be the most efficient proteins (Hegarty 
et al., 1963; Neelakanta and Froning, 1971; and Tsai et al., 1972). 
Schut (1976) attributed myosin's ability to form emulsions to its structure. 
The matrix of a meat emulsion contains small segments of myosin filaments. 
The aggregated light meromyosin tails show a great affinity for the 
interface. The heavy meromyosin heads would then be able to solubilize 
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In the water phase. The Insoluble proteins (approximately 40% of meat 
proteins) appear to show affinity for the oil-water interface. This 
fraction is predominately actomyosin and forms emulsions similar to salt 
soluble proteins by the orientation of the nonpolar side chains toward 
the fat particles. 
Fat and stability 
More stable emulsions have been found in emulsions made with 16% 
fat as compared to 21% fat (Mayfield et al., 1978). In a model system, 
Haq et (1973) found increased stability and batter viscosity up to 
50% fat. Townsend et (1971) found increased smokehouse shrinkage in 
25% fat frankfurters as compared to 35% fat franks. Using Brookfield 
equipment, they did not find a difference in viscosity between 25 and 
35% fat. Baker et al. (1969) and Baker and Darfler (1975) found improved 
frank quality at higher fat levels. Thirty percent fat franks were the 
best with 20% being too soft and 35% fat showing fat caps. Schut (1978) 
found that finely comminuted fat improves both emulsion and matrix 
stability. Matrix stability means an increase in water holding capacity. 
Minute fat particles initiate a swelling of actomyosin. With more non-
polar groups entering the oil-water interface there are less inter and 
intramolecular hydrophobic bonds allowing the protein molecule to 
swell and increase the water holding capacity. 
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Type of fat 
Christian and Saffle (1967) reported the effects of different fats 
and oils on emulsification in a model system. Shorter chained saturated 
fatty acids and triglycerides were emulsified in greater amounts than 
longer chain saturated fatty acids and triglycerides. More fatty acids 
with one double bond were emulsified than fatty acids with two double 
bonds. Smaller quantities of saturated fatty acids were emulsified 
than those with one or two double bonds when the length of the carbon 
chain remained constant. There was a significant difference in the amount 
of various animal fats which could be emulsified. They found a range 
of 63.5 ml oil per 500 mg protein for pork leaf fat to 72.1 ml oil per 
500 mg protein for beef loin fat, however, the authors did not consider 
these differences important from a practical standpoint. One point to 
consider is the range in melting points in animal fats. Townsend 
et (1968) found melting point ranges of 3°C (37.4°F) to 14°C (57.2^ F) 
and 18°C (64.4°F) to 30°C (86.0°F) for beef fats and 8°C (46.4°F) to 
14°C (57.2°F) and 18°C (64.4°F) to 30°C (86.0°F) for pork fats. These 
researchers found that instability coincided with chopping temperature 
reaching the range of the high temperature melting fat. 
Factors That Effect Emulsion Stability 
Mechanical treatment 
The discontinuous phase consists of fine fat particles. The size 
of the interfacial surface is determined by the degree of fat disinte-
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gratlon and by the amount of fat added (Schut, 1976). Fat particles in 
emulsions range from 0.1 p (Borchert et al., 1967) to 20 y and also 
include original fat cells of 50 to 100 y (Schut, 1978). 
Not reducing the fat particle size sufficiently for proper emulsion 
formation produces a situation termed "under chopping." In this situation 
the fat is not chopped long enough, leaving large fat particles with a 
small interfacial surface area per particle weight. Thick multilayers 
of protein segments build around the fat particles with very little 
protein-water interaction. This produces very unstable emulsions as 
water holding capacity is reduced drastically (Schut, 1976). 
The opposite situation of "over chopping" produces a very large 
interfacial surface area. When the available protein becomes limited, 
the protein film around the fat particles becomes very thin. Proper 
gelation of the matrix does not occur as too much protein is withdrawn 
from the continuous phase. This produces unstable emulsions as the fat 
particles coalesce and separate into fat pockets or caps. 
Chopping time and temperature 
The forming of an emulsion is complicated by the temperature rise 
that occurs in the batter during chopping. The final temperature of the 
batter is directly related to emulsion stability. Townsend eit al. (1968) 
found unstable emulsions at temperatures over 18.5°C (65.3°F). Saffle 
(1968) and Brown and Toledo (1975) reported that exceeding 15-22°C 
(59-71.6°F) would cause emulsion breakdown. Hargus eit (1970) found 
12.8°C (55.0°F) to produce the most stable emulsions using turkey white 
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meat. These temperatures are similar to the fat transition data of 
Townsend eit (1968), with the upper range coinciding with the onset 
of melting of the high melting portion of fat. The length of chopping 
not only affects the fat but the protein as well. Hargus et (1970) 
found prolonged chopping reduced soluble protein available by increasing 
protein denaturation. 
Water holding capacity 
Water of skeletal muscle exists in three forms: 1) bound water, 
2) restricted water and 3) free or bulk phase water. 
Bound water makes up 8-10% of muscle water and includes those water 
molecules bound tightly to charges on the proteins. Restricted water 
is approximately equal in quantity to the bound water. This phase 
includes water molecules held loosely by protein charges. 
Free water is held by capillary action In the Interstitial space of 
the molecular structure. The amount of restricted and free water can be 
influenced by processing techniques. Increased muscle disruption and 
protein extraction exposes more active water binding sites. The free 
water content is greatly affected by the area between protein filaments. 
An increase in distance between actin and myosin filaments due to more 
free charges increases the amount of water immobilized. The effect of 
chloride Ions on muscle swelling was reported by Harris (1961) when he 
demonstrated, using the electron microscope in muscle exposed to 50 mM 
KCl, that the myofibrils were spread farther apart than when compared 
to control. Sherman (1962) found water retention in ground meat was 
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linearly related to the concentration of magnesium and sodium chloride ions 
absorbed. Ions are bound to proteins by strong electrostatic attraction 
(Klotz, 1950). The ions closest to the charged sites are held most 
strongly, with binding strength dropping progressively due to repulsion 
by the first bound ions. This type of attraction explains part of the 
predominant effect of anions over cations (Schut, 1976). This effect 
is also due to the greater degree of hydration of the cation. The larger 
hydration ring does not allow the cation to approach the charged protein 
groups as closely as anions. They are less effective at screening the 
charged groups causing a net increase in negative charges on the protein 
side chains. This net increase in charge causes protein filaments to 
spread by reducing internal attraction (Sherman, 1962). 
£H 
pH also has a large influence on water holding capacity. The 
isoelectric point in meat occurs at a pH of 5.4. At this point, almost 
all ionizable groups are charged. The net charge is zero and most of the 
charged groups are involved in strong interactions such as salt bridges. 
The interstitial space is at a minimum as is the water holding capacity 
at the isoelectric point. By adding acid or base it is possible to 
break the salt bridges and increase the water holding capacity by 
increasing the net charge of the protein. The addition of base would 
raise the pH by taking up protons producing a net negative charge. The 
addition of acid would lower the pH by forming undissociated carboxyl 
groups leaving a net positive charge due to amino groups. The practical 
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range of pH and water holding capacity is 5.0 to 6.5 whereas at a pH 
over 10 and below 4.5 irreversible changes in the protein take place. 
Salt 
Salt and hypertension 
Salt is a common ingredient in the everyday diet. Presently, it 
is one that is under considerable attention because of the proposed 
relationship to hypertension. The literature on salt and hypertension 
is very interesting; many of the views concerning salt are based on 
observation of different cultures. People in remote areas where the 
diet contains less than 30 mEq of sodium per day (1.8 g NaCl) have 
virtually no hypertension (Haddocks, 1967; Oliver et al., 1975; Page 
et al., 1974; Prior et al., 1968; Sinner and Whyte, 1973; and Truswell 
et al., 1972). In areas where salt intake is high (360-400 mEq, 21.2 
to 23.6 g NaCl), as in certain parts of Japan and Newfoundland, the 
incidence of stroke and hypertension is elevated (Fodor et , 1973; and 
Takahashi e^  al., 1957). 
Tobian (1979) listed what he considered the major facts relating 
sodium to hypertension: 
1. Drastic reduction of sodium intake will definitely lower the 
blood pressure of patients with essential hypertension. 
2. Diuretic agents which facilitate the renal excretion of sodium 
definitely reduce blood pressure in the majority of patients 
with essential hypertension. 
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It Is possible to Increase blood pressure In normetenslve people by 
feeding elevated levels of sodium - 800 mEq (42.7 g NaCl) and 1500 
(88.5 g NaCl) mEq per day (Murray et , 1978). 
However, Tobian (1979) cites the work of several researchers who 
could not find a strong relationship between individual blood pressure 
and sodium excretion. These researchers were working in populations 
where sodium intake ranged from 90 to 200 mEq/day (5.3 g to 11.8 g NaCl). 
This level of sodium was proposed to be too low to bring on hypertension 
in genetically resistant people. The Incidence of hypertension in the 
United States is 9 to 20% of the population (Page et , 1974). The 
total daily intake of sodium chloride by a North American consumer is 
estimated to be in the range of 10-12 g. This level of intake came to 
the attention of the Senate Select Committee on Nutrition and Human Needs. 
In their report, "Dietary Goals for the United States" (Senate Select 
Committee, 1977a), one goal put forward was that salt consumption be 
reduced to approximately 3 g a day. In the revised edition of 1977, 
the committee raised its recommendation to 5 g per day (Senate Select 
Committee, 1977b). Later, Senator McGovem, chairman of the Senate 
Select Committee, informed the president of the Salt Institute that 
the intention of the committee was "to state that about five grams 
should be the upper limit of salt (sodium chloride) added to raw food 
commodities as they are prepared commercially or in the home and 
including salt added at the table. This would be in addition to the 
nondiscretionary Intake of approximately 3 grams of sodium chloride 
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(sodium occurring naturally in foods expressed as sodium chloride)" 
(Scientific Status Summary, 1980). This brings the recommendation to 
about 8 g salt per day. In 1979, the Select Committee on GRAS Substances 
reviewed the status of sodium chloride. Their tentative report said 
that there was a prevalent judgement of the scientific community that 
total salt consumption should be lowered (Special Report, 1979). In 
1980, the Life Sciences Research Office of the Federation for Experi­
mental Biology recommended to the FDA Bureau of Foods that salt be 
reclassified on the GRAS list as a category four substance which would 
mean that the evidence is insufficient to determine that the adverse 
effects reported are not deleterious to the public health when it is used 
at levels that are now current and in the manner now practiced. 
Flavor 
Salt or salty flavor is an expected one in processed meats. Sodium 
levels range from .74% in fresh pork sausage to 4.35% in chipped beef 
(Marsden, 1980). Schwartz and Mandigo (1976) found that as salt concen­
tration increased up to 2.25% in restructured fresh pork, taste panel 
scores peaked at 1.5%. Concerning salt levels in cured meat, the 
literature is conflicting. Cured restructured meat products become more 
acceptable as salt concentration is increased from 0 to 3% (Neer and 
Mandigo, 1977). Marquardt et al. (1963) reported no difference in 
consumer preference of hams where salt level was varied from 1.5 to 3%. 
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Salt substitutes 
Various combinations of salts have been used as sodium chloride 
substitutes. There are two general types of substitutes. The first 
type utilizes masking agents to cover the bitterness of salt substitutes 
such as potassium chloride (Miller, 1970). In this type of substitution, 
the composition was 80-99% potassium chloride and 1-20% fumerie acid. 
Other masking agents include potassium and calcium formate, magnesium 
citrate, dipotassium succinate and a variety of citrate, tartrates, 
gluconate, ascorbate cyclamates, glutamate and ion exchange resins. The 
second group of substitutes uses a mixture of potassium chloride and 
sodium chloride. A patent showed Frank and Mickelsen (1970) used a 
mixture of 20-80% potassium chloride and 80 to 20% sodium chloride. 
Texture 
Texture of foods is a complex topic and is often overlooked in 
favor of flavor and other characteristics. However, texture is as 
important a characteristic as flavor (Szczesniak, 1971). 
Many of the processing variables previously discussed influence the 
texture of emulsion products. Simon et (1965) used Carbide pene-
trameter and Instron Universal Testing Machine puncture probe on 
frankfurters. They found vacuum processing at 70 cm Hg (28 in) 
increased puncture modulus values, while greater fat content produced 
lower values. Their objective evaluation agreed with taste panel results. 
Baker and Darfler (1975) and Baker et (1969) found that as fat level 
increased up to about 30 percent, firmness as measured by Kramer Shear 
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increased. Swift et (1954) reported that increasing moisture and 
fat increased juiciness and tenderness and that moisture had a greater 
effect than fat as determined by taste panel. 
Batter 
The rheological properties of meat batters can be affected by 
processing variables. Nayfield et al. (1978) found 21% fat and 12% 
protein emulsion to be more viscous than 16% fat and 11% protein emulsions. 
Viscosity was measured by capillary extrusion at 5°C using an Instron. 
The author could find no relationship between viscosity and gel-water 
loss. Toledo et al. (1977) reported similar findings. In 30% fat 
emulsions as salt concentration went from 0 to 3%, viscosity increased 
as measured by coaxial cylinder viscometer (Hamm, 1975). Hamm also found 
increasing fat content produced more viscous emulsions at 15°C and 20°C. 
Objective texture measurement 
Objective measures of texture can measure the same intensity of 
textural characteristics as perceived organoleptically (Szczesniak ejt , 
1963). The following from General Foods (1970), as adapted by Abbott 
(1972), lists and defines the terms that can be applied to an emulsion 
product. 
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Table 1. Mechanical characteristics from the General Foods Corporation 
Texture Profile: Sensory definitions and common descriptive 
terms 
Primary properties 
Hardness 
Cohesiveness 
Viscosity 
Springiness 
Adhesiveness 
The force required to compress a substance between the 
molar teeth (for solids) or between the tongue and 
palate (for semi-solids) to a given deformation or to 
penetration. 
Descriptive terms: Soft, firm, hard. 
The extent to which a material can be deformed before 
it ruptures. 
The force required to draw (slurp a liquid from a 
spoon over the tongue). 
Descriptive terms; Thin, watery, thick. 
The amount of recovery from a deforming force; the rate 
at which a deformed material returns to its undeformed 
condition after the deforming force is removed. 
Descriptive term: Elastic. 
The force required to remove material that adheres to 
the mouth (generally the palate) during the normal 
eating process. 
Descriptive terms: Sticky, tacky, gooey. 
Secondary grcgerties 
Fracturability 
Chewiness 
Gumminess 
The force with which a sample crumbles, cracks, or 
shatters; the horizontal force with which the fragments 
move away from the point where vertical force is 
applied. Fracturability is the result of a high degree 
of hardness and low degree of cohesiveness. 
Descriptive terms: Crumbly, crunchy, brittle. 
The length of time or the number of chews required to 
masticate a solid food to a state ready for swallowing. 
Chewiness is a product of hardness, cohesiveness, and 
springiness. 
Descriptive terms: Tender, chewy, tough. 
A denseness that persists throughout mastication; the 
energy required to disintegrate a semi-solid food to a 
state ready for swallowing, Gumminess is a product of 
a low degree of hardness and high degree of cohesive­
ness. Scale is based on forty to sixty percent flour 
and water pastes in five intervals. 
Descriptive terms: Short, mealy, pasty, gummy. 
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In 1968, Bourne reported how to calculate these texture parameters 
from information obtained by Instron Universal Testing Machine. Bourne 
et al. (1966) first reported the use of the Instron Universal Testing 
Machine for texture measurement in foods. The Instron can duplicate any 
instrument that uses linear vertical motion. Bourne (1967), Bourne and 
Mondy (1967) developed the procedures for testing many different foods 
by deformation. This test consists of slowly compressing a food between 
two parallel surfaces recording the force distance curve developed. 
The parameters hardness, cohesiveness, springiness, chewiness and 
guminess can be calculated from these curves. 
Vacuum Processing 
Vacuum chopping has been proposed to have several beneficial effects 
on emulsion products. Wirth (1978) reported vacuum chopping 
increases storage stability, improves color and taste and changes product 
density. The scientific literature on this topic is very scant. Some 
literature points to beneficial effect of vacuum chopping. Maesso et al. 
(1970) and Solomon and Schmidt (1980) found increased protein extraction 
using vacuum. Maesso et (1970) improved binding of turkey rolls by 
holding in a vacuum oven (with 27 in of Hg) at 25-26°C for one hour. 
Solomon and Schmidt (1980), using vacuum mixing of ground cow chuck with 
salt solution, found an increase in crude protein extraction (6.50 g 
crude myosin for vacuum, 5.3 g for no vacuum). 
Vacuum mixing was found to increase pigment formation in emulsions 
that had been chopped in air (Fox et , 1967). Firmness of frankfurters 
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was found to Increase with increasing vacuum levels (Simon et al.. 
1965). Tantekarnjathep (1980) found no appreciable improvement in 
emulsion stability by vacuum in a model system. There was a significant 
improvement in vacuum emulsification of 11.3% using the same system. 
Comparing vacuum and nonvacuum chopped franks, Tantekarnjathep (1980) 
found vacuum chopping to be superior to nonvacuum chopping. The 
vacuum chopped emulsion lost less fat in stability testing and had a 
significantly lower cooking loss. 
Obj ectives 
The project had the following objectives: 
1. To determine the effects of reducing salt and fat content 
on bologna characteristics using a model system. 
2. To investigate the effect of vacuumized chopping on reduced 
sodium bologna characteristics. 
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EXPERIMENTAL PROCEDURE 
Experiment I 
Meat and formulation 
All meat was obtained from and processed in the Iowa State University 
Meat Laboratory. Lean beef, lean pork and pork and beef fat were ground 
through a Weiler & Company Grinder (Model 6) fitted with a 9.5 mm (3/8 in.) 
plate and mixed separately. Samples were taken for moisture, fat and 
protein determinations. The formulations (Table 2) for the various fat 
level treatments (Table 3) were calculated based on chemical analysis. In 
the formula, two-thirds of the total fat was pork and one-third was beef. 
Each meat group was placed in plastic bags and stored in a -20°C (-4°F) 
freezer. Twenty-four hours before production all meat was taken from the 
freezer and tempered to 0°C (32°F). The treatments (Table 2) were 
formulated to contain three fat levels (18%, 26% or 34%) with each 
containing three salt levels (1.25%, 1.75% or 2.25%). 
Production 
Bologna was made in a 3°C (37.4°F) cooler. A Hobart laboratory 
chopper model 8418ID with a 480 mm (18.9 in.) diameter bowl was used. 
The bowl was prechilled and placed in ice between each batch. The lean 
beef portion was chopped for 30 seconds to reduce particle size before 
addition of salt and ice. This mixture was chopped for two minutes 
before the addition of all remaining ingredients (Table 1). The 
batter was chopped to 12°C (53.6°F). The batter was placed in an 
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Table 2. Bologna formula: Experiment 1 
Ingredient Weight (g) 
Meat* 
Pork 
Beef 
Ice 
Spice^  
Nitrite 
Sugar 
Salt: 1.25% 
1.75% 
2.25% 
2,873.6 
1,931.8 
1,931.8 
454.0 
22.7 
0.68 
45.0 
56.8 
79.5 
102.3 
F^ormulated so two-thirds of fat from pork and one-third from beef. 
B^. Heller's Kosher Bologna Seasoning #531. 
24 
Table 3. Treatments: Experiment 
Salt^  (%) 
Fat^  (%) 1.25 1.75 2.25 
18 18 - 1.25 18 - 1.75 18 - 2.25 
26 26 - 1.25 26 - 1.75 26 - 2.25 
34 34 - 1.25 34 - 1.75 34 - 2.25 
4^ replicates. 
C^alculated on total batch weight. 
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E-Z Pakmoblle Staffer (E-Zuber Engineering and Sales, Minneapolis, 
Minnesota) fitted with a 16 mm diameter stuffing horn. The batter was 
stuffed into a 45.5 mm x 609.6 mm (1.79 in. x 24 in.) fibrous casing 
that had one end previously clamped with a Tipper clip (Model C4057). 
After stuffing, the casing was closed with a Tipper clip and bologna 
was hung on a smoke truck and held in a 2°C (35.6°F) cooler. Bologna 
was heat processed within one to five hours after stuffing. 
Experiment II 
Meat and formulation 
All meat was purchased, ground through a Weiler & Company Grinder 
(Model 6) fitted with a 9.5 mm (3/8 in.) plate and mixed in the Iowa 
State University Meat Laboratory. Fat content was determined by Anyl-
Ray (Kartridg-Pak, Davenport, Iowa). Meat was boxed and stored in a 
-2°C (-4°F) freezer. Prior to processing, meat was removed from freezer 
and tempered to -3.3 to -2.2°C (26 to 28°F) in a Despatch meat tempering 
microwave oven (Despatch Industries, Minneapolis, Minnesota). The 
treatments were formulated as shown in Table 3 such that they contain 
different salt levels (0.75%, 1.25%, 1.75% and 2.25%) and were chopped 
with or without vacuum as shown in Table 4. 
Production 
Bologna was made in a Kramer Grebe Masche Type (VSM 65) vacuum 
chopper. The lean beef portion was placed in the bowl and chopped for 
five revolutions. With the bowl on the mix cycle, ice and salt were 
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Table 4. Bologna formula: Experiment II 
Ingredient Weight (g) 
Meat® 11,590.0 
Pork 5,795.0 
Beef 5,795.0 
Ice 1,159.0 
Spice^  68.0 
Sodium erythrobate 7.4 
Nitrite 1.73 
Salt: 0.75% 96.2 
1.25% 160.3 
1.75% 224.5 
2.25% 288.6 
F^ormulated so that two-thirds fat from pork, one-third from beef. 
B^. Heller's Kosher Bologna Seasoning #531. 
27 
Table 5, Treatments: Experiment 11^  
Salt level^  (Z) 
Chopper 0.75 . .1.25 1.75 2.25 
Vacuum Vacuum 0.75 Vacuum 1.25 Vacuum 1.75 Vacuum 2.25 
Nonvacuum Nonvacuum 0.75 Nonvacuum 1.25 Nonvacuum 1.75 Nonvacuum 2.25 
3^ replicates. 
C^alculated on total batch weight. 
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added. The bowl was then stopped and a vacuum pulled (for vacuum chopped 
treatment), chopping began when the vacuum reached 90%. This mixture 
was chopped until 4.4°C (40°F) was reached. The remainder of the 
ingredients were added (Table 3) and chopped under vacuum to 12.8°C 
(55°F). Nonvacuum bologna was similarly produced except no vacuum was 
applied. 
Batter was placed in a Zuber E-Z Pakmobile stuffer (E-Zuber 
Engineering and Sales, Minneapolis, Minnesota). The batter was stuffed 
into 123 mm x 750 ram fibrous casings using a 16 mm diameter stuffing 
horn. Bologna sticks were hung on a smoke truck and processed within 
one to five hours of production. 
Heat Processing 
Bologna was processed in a Mauer and Sohn Allround System oven. 
Using the following schedule, bologna was cooked to an internal temper­
ature of 70°C (158°F). 
Time 
(rain) Program 
Dry 
bulb 
(OC) 
Wet 
bulb 
(OC) 
H2O 
impulse 
(OC) 
Relative 
Humidity 
Core 
Temp 
(OC) 
30 Reddening 54° 40° Off 43% 0 
45 Hot Smoke I 80° 70° 85 65% 0 
0 Hot Air Finish 80° 70° 85 65% 60 
0 Hot Air Finish 85° 80° 85 81% 70 
10 Cold Shower 
After cooking, bologna was placed in cooler (2°C) over night (18 hours) 
prior to evaluation. 
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Physical Measurements 
Emulsion stability 
For emulsion stability test (Townsend et al., 1968), 34 g raw 
emulsion samples were stuffed in triplicate into 22.2 x 101.6 mm 
(.7 in. X 4 in.) polycarbonate tubes. Tubes were stoppered and placed 
in a 48.8°C water bath. The temperature of the bath was raised so 
the internal temperature of the emulsion reached 68.8°C in 1.25 to 
1.5 hours. Fluid released on heating was decanted into graduated tubes 
and centrifuged. The amount of fat, solids and gel-liquids released 
was recorded. 
Product yield 
. Bologna was weighed (Fairbanks Model H90-7601) before heat processing 
and 18 hours afterward. Yield was calculated by the following formula: 
SfSeghr'""' X 100 . % product yield 
Peelability 
The ease casings could be removed from the finished product was 
subjectively evaluated. Peelability was evaluated on a three point 
scale: l=peel cleanly, 2=slightly adhered and 3=adhered. 
Internal appearance 
Internal appearance was rated as to the presence or absence of fat 
particles by rolling thin slices (1.5 mm) between thumb and index 
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finger to determine if fat particles were present. Samples were scored 
as follows: l=no visible fat particles and 2=fat particles present. 
Color 
Color determinations were made in triplicate using a Hunter Color 
Lab (Model D25) standardized with a light pink plate (Froning et al., 
1969). Bologna was sliced on a Hobart Slicer (Model 1712), immediately 
covered and color determined within 30 minutes by placing the uncovered 
surface on the sample part of the Hunter Lab. 
Density 
Two 150-200 mm long chubs were used for density determination by 
water displacement (Fraser, 1954). Weighed samples were placed in a 
constant temperature 13°C water and the volume of water displaced was 
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used to determine weight per volume (gm/cm ). 
Physical Texture Analysis 
Raw emulsion 
Thirty-four gram samples of raw emulsion stuffed into 50 ml beakers 
(38 mm diameter) were used in a back extrusion test (Seman ^  , 1980). 
In these tests, an Instrqn Universal Testing Machine (Model 1120), 
equipped with a 250 kg load cell was fitted with a 36 mm diameter flat 
surface probe. This probe was forced through the emulsion at a cross-
head speed of 50 mm per minute to within 2 mm of the bottom of the beaker. 
The chart speed was set at 250 mm per minute. Peak force (kg) was 
31 
determined on the force-distance curve formed when the emulsion was back 
extruded with the probe. 
Compression testing 
Three 20 mm thick slices were made using a Hobart Slicer (Model 
1712) for compression testing. Samples were compressed 50% of their 
height by placing the slice on a 152 mm x 216 mm platform and compressing 
the slice with a round plate 143 mm in diameter. Each sample was 
compressed twice. Instron was set at a crosshead speed of 50 mm per 
minute and chart speed of 250 mm per minute. Hardness, elasticity and 
cohesiveness were determined from the force distance curve by the 
procedure of Bourne (1968). 
Chemical Analysis 
fH 
The pH of the raw emulsion was determined by homogenizing ten gram 
samples in a Waring blender with 90 ml of deionized, distilled water 
for 60 seconds. The pH of the slurry was determined using a Coming 
pH Meter (Model 125) fitted with a combination electrode. 
TEA 
Thiobarbituric acid (TBA) test for rancidity (Tarladgis e^  , 1960) 
was run the day following processing and every two weeks for six weeks. 
This measure of malonaldehyde was used to indicate rancidity development. 
The values reported were adjusted by subtracting the TBA values of the 
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initial samples from the samples taken at two, four and six weeks. 
Proximate analysis 
Moisture, fat and protein were determined on both raw and 
cooked emulsions (AOAC 1970). Samples were pulverized in liquid 
nitrogen and stored in plastic bags at -30°C before analysis. 
Sensory Evaluation 
Two sensory panels were held within one week of processing. One 
hour prior to each panel, 3 mm thick slices were made of each treatment 
using the Hobart Slicer (Model 1712). Slices were cut into eight 
sections, placed on a plate assigned a random number. Plates were 
covered and held at 5°C until served to panel. Panel members were 
given eight evaluation forms, a consent survey and form (Figures 1 and 2). 
Panel members were given no direction as to what order to sample the 
product, however, they were instructed to record the sample number on 
top of the evaluation form. 
Bologna was evaluated on a seven point facial hedonic scale for 
flavor, texture, overall acceptability and color. Results were analyzed 
by assigning numerical value to the response (l=dislike extremely -
7=like extremely). 
Statistical Analysis 
The Statistical Analysis System (Helwig and Council, 1979) was 
used to calculate means, standard errors and analysis of variances. 
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SENSORY EVALUATION FORM 
We are seeking your opinion of certain meat products. This is not a test 
but your reactions to products you will taste. An honest expression of 
your personal feelings will help us. Please check how much you like or 
disliked each sample for the characteristics under consideration on the 
following pages. 
SENSORY PANEL CONSENT FORM 
I, , have volunteered to become a 
(print name) 
sensory panel member. The purpose of this panel is to evaluate the palat-
ability of various meat products. Samples need not be consumed and can be 
discarded in provided containers following evaluation. I understand that 
I may withdraw as a member of a sensory panel at any time without incur­
ring any penalty. 
DATE SIGNATURE 
PLEASE FILL OUT THE QUESTIONNAIRE ABOUT YOURSELF, THEN USE THE FOLLOWING 
PAGES TO EVALUATE THE CODED SAMPLES. 
CONSUMER SURVEY 
Please answer the following questions about yourself ; 
1. SEX; Male Female 
2. College classification: 
Freshman Senior 
Sophomore Graduate 
Junior 
3. How often do you eat bologna: 
Once a day 
Several times a week 
Once a week 
Several times a month 
Once a month 
Figure 1. Cover page of the sensory panel evaluation form 
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Overall 
Sample Accepta- After-
Code Flavor Texture. b illtytaste 
Like 
extremely 
Neutral 
Dislike 
extremely 
Comments ; 
Figure 2. Sensory panel evaluation form 
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Experiment I was a 3 x 3 factorial with fat and salt levels the main 
effects. Experiment II was a randomized complete block design. Experiment 
I was replicated four times; Experiment II, three times. Linear and 
quadratic comparisons were used to determine the effect of fat level 
and salt level (Experiment I) and salt level (Experiment II) on the 
characteristics measured. Effects of vacuum chopping were determined 
by analysis of variance. Sensory panel data were averaged over all 
panelists before analysis. 
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RESULTS AND DISCUSSION 
Experiment I 
Introduction 
The objective of this experiment was to investigate the effects 
of varying fat and salt levels on bologna characteristics. 
Proximate Analysis 
Raw emulsion Means in Table 1 for raw emulsion show a range of 
less than 1% in fat, moisture and protein for the three fat levels 
averaged over the three salt levels. This indicates that the treatment 
fat level targets of 18%, 26% and 34% were reached and that within each 
fat level the compositions were the same for each salt level. 
Cooked emulsion The composition of the finished product is 
also shown in Table 6, Eighteen and 26% fat levels in cooked emulsions 
show decreased moisture and increased fat percentages. The 34% fat 
level changed less but followed the trend of the lower fat levels. In 
Table 6, means by salt level within each fat level are very similar. 
Moisture percentage varied the most among salt levels in the 34% fat 
group. 
Change in composition Because of the formulated differences in 
fat levels, the changes in moisture, fat, protein and ash due to cooking 
were calculated (Table 7). As fat content increased, moisture loss 
decreased during heat processing with the greatest change occurring 
between the 26 and 34% fat levels. A highly significant linear (P<.05) 
Table 6, Proximate analysis of raw and cooked emulsions made with different levels of fat and salt 
Treatment a 
Raw (%) Cooked (%) 
Moisture Fat Protein Moisture Fat Protein 
Salt (%) Fat (%) 
1.25 18 62.5 18.2 17.7 58.9 20.0 18.5 
1.75 18 62.2 18.1 17.2 58.9 19.4 19.0 
2.25 18 62.1 17.7 17.5 58.7 19.6 18.8 
1.25 26 56.5 26.4 14.6 52.9 28.2 16.6 
1.75 26 56.1 26.2 14.8 53.1 27.9 16.3 
2.25 26 55.8 25.9 15.3 52.7 27.5 17.3 
1.25 34 50.7 33.9 14.0 50.0 33.7 15.8 
1.75 34 50.6 33.9 13.8 48.0 34.6 15.2 
2.25 34 49.7 34.2 13.8 47.7 34.4 15.4 
SE 0.10 0.12 0.10 0.22 0.32 0.25 
e^an values, N=12 per treatment mean. 
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Table 7. Change in composition between raw and cooked emulsions made 
with different fat and salt levels 
Treatment^  Moisture Fat 
Fat level 
18% -3.5 +1.6 
26% -3.3 +1.7 
34% -1.8 -0.1 
Salt level 
1.25% -2.6 +0.8 
1.75% -3.0 +1.2 
2.25% -2.9 +1.2 
SE 0.22 0.31 
M^ean values, N=12 per treatment mean. 
S^ignificant linear fat effect (P<.05). 
'^ Significant quadratic fat effect (P<.001). 
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and quadratic (P<.001)effect for fat was found. 
Several authors (Mayfield et al., 1978; Saffle, 1968) have 
suggested that higher fat levels produce more stable emulsions and 
greater water holding capacity. These data would agree with that 
conclusion. However, the means for moisture content in the raw 
emulsion (Table 6) suggest the difference could be due to the lower 
moisture content in the high fat emulsions. A highly significant 
linear (P<.05) and quadratic (P<.001) effect for change in moisture 
content due to processing was found. Means in Table 7 show no 
difference between 18 and 26% fat levels with a large decrease between 
26 and 34% fat levels. This change is probably due to the decreased 
moisture content rather than an increase in fat binding. 
Emulsion pH 
As fat level increased, emulsion pH increased linearly (P<.005) 
from 5.72 to 5.78 (Table 8). This is probably due to fat having a higher 
ultimate pH than lean tissue which is usually 5.6-5.8. Although this 
difference is statistically significant, it is of no practical im­
portance. A change of one pH unit will change water holding capacity 
only about five percent (Schut, 1978). 
Product yield 
There was no difference in product yield due to fat or salt level 
(Table 8). Since the emulsion is held within a casing, only evaporative 
moisture will be lost. Yield does not indicate the stability of the 
emulsion or the quality of the product. 
Table 8. Effects of salt and fat level on emulsion pH, stability and product yield 
Treatment^  pH^  
(ml) 
Fat , , 
released 
(ml) 
Gel-liquid, 
released 
(ml) 
Solids 
released 
(ml) 
Product 
yield 
(%) 
Fat level 
18% 5.72 1.7 0.2 1.5 0.1 92.7 
26% 5.76 2.5 0.7 1.8 0.1 93.7 
34% 5.78 5.1 3.1 1.9 0.1 93.5 
Salt 
1.25% 5.74 4.8 2.2 2.6 0.1 93.0 
1.75% 5.76 3.0 1.3 1.7 0.1 93.8 
2.25% 5.76 1.5 0.5 1.0 0.1 93.2 
SE 0.01 0.22 0.22 0.08 0.36 
M^ean values, N=12 per treatment mean. 
S^ignificant linear fat effect (P<.005). 
S^ignificant linear salt effect (P<.0001). 
'^ Significant salt by fat interaction (P<.005). 
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Emulsion stability 
The usual way of expressing emulsion stability is in terms of 
milliliters (ml) of fat, gel-liquid and solids released and total cook-
out per 100 g sample (Townsend ejt al., 1968). Seman et al. (1980) 
expressed their results in terras of ml of cookout per sample which in 
their case was 34 g. Both of these papers dealt with products with 
constant fat levels. 
The results from this experiment expressed as ml per 34 g sample 
are presented in Table 8. A highly significant linear (P<.005) and 
quadratic effect (P<.005) was found for total cookout and fat released. 
In both of these, as fat level increased the amount of loss increased. 
There was a greater difference between the 26 and 34% fat levels for 
both total cookout and fat released than between 18 and 26% fat levels. 
Gel-liquid released showed a significant linear increase (P<.005) as 
fat increased. The increase in total loss and fat release as fat 
level increases suggest that the amount of protein available for 
emulsification (i.e., protein solubilized during chopping) is the 
limiting factor. With more fat present, the protein available is 
insufficient to prevent fat particles from coalescing and separating. 
The means demonstrate that between the 26 and 34% fat levels a much 
greater loss occurs than between the 18 and 26% fat levels. This 
suggests there is a maximum amount of fat that could be successfully 
emulsified by this system. The decrease in water binding may be due 
to more protein being withdrawn from the matrix in an attempt to bind 
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the increasing amount of fat present. This would reduce the number of 
charged sites for water to bind. There was a highly significant linear 
effect of salt on fat, gel-liquid released and total cookout (P<.001). 
In all three components, as salt increased, the amount of loss decreased. 
The reduction in fat loss is due to increased salt soluble protein 
being present for fat emulsification. The increase in water binding 
ability of meats with increased concentration of salt is well documented 
in the literature (Hamm, 1960). Total cookout follows the same pattern 
as fat and gel-liquid loss. 
Interactions 
There was a significant fat by salt interaction for fat loss and 
total cookout (P<.005). Figure 1 shows that as fat increases the amount 
of loss increases in each salt level. The important point the graph 
shows is that with the 26% fat level, 1.75% salt is almost as efficient 
as 2.25% salt and that 1.25% salt is too low for practical use. However, 
at the 18% fat level, fat loss was the same for all three salt levels. 
The total cookout interaction (Figure 2) also shows that as fat level 
increases, total loss increases in each salt level. 
Calculation of fat and gel-liquid released based on percent fat and 
moisture (respectively) in the batter 
Since, in this experiment, there was a range of fat levels and 
inversely, a range of moisture levels, fat and gel-liquid released 
were recalculated based on the fat and moisture levels present in the 
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batter. It was hoped that this would more closely explain the effect 
of varying fat levels on emulsion stability. These data are presented 
in Table 9. There was a significant linear and quadratic affect 
(P<.001 and P<.005, respectively) for fat level on percent fat released. 
As fat level increased, percent fat released increased. There was a 
much greater increase between 26 and 34% fat levels than between 18 % 
and 26% fat levels. This suggests that the protein available for 
emulsion formation is the limiting factor and that the maximum fat 
level that can be efficiently emulsified is between the 26 and 34% fat 
levels. Fat level had a significant linear effect (P<.001) on gel-
liquid released. As fat level increased, liquid loss increased. This 
is based on batter moisture; as fat increases, moisture content decreases. 
With more fat in the batter, more solubilized protein is required to 
form the protein membrane around the fat particles. This serves to 
withdraw protein from the matrix, thereby reducing water holding 
capacity. In the processing procedure, the lean meats, which contain 
most of the myofibrillar proteins in the formulation, were chopped to 
solubilize proteins. Hence, it may be assumed that a constant amount 
of protein was solubilized within each fat level group. Salt level 
had a significant linear effect on fat and gel-liquid released (P<.0001). 
As salt concentration increased, fat loss decreased. This effect is 
due to more salt soluble proteins being available for fat emulsification. 
The decrease in gel-liquid loss as salt increases is due to the ability 
of salt to increase water holding capacity. 
46 
Table 9. Fat and gel-liquid released expressed as percent of fat and 
water in the raw emulsion 
Treatment^  Fat released Gel-liquid released (%)^  
Fat level 
18% 1.0 2.5 
26% 2.7 3.1 
34% 9.1 3.8 
Salt level 
1.25% 7.0 4.6 
1.75% 4.1 3.1 
2.25% 1.7 1.8 
SE n.65 0.1/| 
e^an values, N=12 per treatment mean. 
S^ignificant linear fat and salt effect (P<.001). 
'^ Significant salt by fat interaction (P<.G05). 
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Interaction 
There was a significant salt by fat interaction (P<.005) for percent 
fat released (Figure 3). The figure shows that as fat increases, fat 
loss increases within each salt level. The big increase between the 
26 and 34% fat levels is very evident with the greatest difference 
occurring between the three salt levels at 34% fat. With 18% fat, the 
salt levels seem to have little effect on percent fat released. Of 
more practical importance is the 26% fat level. It appears that 
reducing salt is more plausible with the 26% fat level as the difference 
between the three salt levels is much less than with 34% fat level. The 
1.75% salt treatment could probably produce an acceptable product for 
fat binding characteristics. 
Cooked product evaluation 
Evaluation of the final product consisted of two measures: 
1) ability to remove the casing, peelability, and 2) visual appraisal 
of presence or absence of fat particles in bologna slices. These data 
are presented in Table 10. There was a significant linear and.quadratic 
effect of fat (P<.0001 and P<.005, respectively) on peelability. As 
fat increased, ease of peeling increased with little difference between 
the 18 and 26% fat levels. This suggests that there is a minimum 
amount of fat required for easy peeling. Perhaps a small amount must 
be released from the product to prevent the casing from adhering to 
the meat during heat treatment. This also indicates that adjustments 
in cooking or processing procedures may be needed to prevent peeling 
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Table 10. Effect of fat and salt level on peelability^  and visual 
fatout^  of cooked bologna 
Treatment^  Peelability^ '^  Visual fatout® 
Fat level 
18% 1.3 1.3 
26% 2.2 2.0 
34% 2.4 2.0 
Salt level 
1.25% 1.8 1.8 
1.75% 2.0 1.8 
2.25% 2.0 1.8 
SE 0.15 0.09 
l^=adhered, 2=slightly adhered, 3=peels. 
l^=no fat visible, 2=fat particles visible, 
"^ ean values, N=12 per treatment mean. 
'^ Significant linear fat effect (P<.0001). 
S^ignificant quadratic fat effect (P<.005). 
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problems if fat level is drastically reduced. Salt level had no 
influence on ease of peeling. Visual appraisal of the finished product 
was found to have a significant quadratic fat effect (P<.005) for fat 
particles present. The presence of fat particles indicate that emulsi­
fied fat was released and allowed to coalesce in the product. With 
18% fat, fat particles were essentially absent but were present in the 
26 and 34% fat treatments. Salt level did not influence fatout but 
fat particles were found in all three levels because they include 26 
and 34% fat treatments. These results conflict with the emulsion 
stability data. One would expect to find the 26% fat level to be 
superior to high fat based on the emulsion stability test. The salt 
effect or lack of one also conflicts drastically with emulsion stability 
test results. These results also suggest that the emulsion stability 
test is not a good measure of the quality of the final product, 
especially when the salt effect on visual fatout is considered. The 
emulsion stability test does clearly show the effects of fat level 
and salt level on emulsion cook. It is obvious from these data that 
emulsion stability does not predict the performance of the emulsion 
in the smokehouse. The greatest difference between cooking an emulsion 
in a smokehouse and in a water bath is that the smokehouse product is 
encased in a fibrous casing while the water bath product was in a 
plastic syringe. The plastic syringe provides for a constant heat 
transfer to the emulsion with no "skin" formation occurring. 
Contrarily, the emulsion in the smokehouse forms a skin that slows the 
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rate of heat transfer. This may be the principal reason for the 
differences between the visual fatout results and the emulsion stability 
test. 
Hunter Lab Color values 
The Hunter Lab Color values, which use the Gardner Color System, 
is an objective measure of color. By converting to a three coordinate 
numerical system, it is possible to describe a color. This system uses 
three axes: L, "a", and "b". L is a measure of lightness (black to 
white); zero is black and 100 equals white. The "a" value is a measure 
of the degree of redness and greenness with positive values for red and 
negative values for green. Positive "b" values are a measure of yellow­
ness and negative "b" values represent blueness. Level of fat had a 
significant linear and quadratic effect (P<.001 and P<.05, respectively) 
on L values. The "a" values were not changed by fat level. Differing 
salt levels did not have an effect on L, "a" or "b" values (Table 11). 
The L values increased as fat level Increased. The increase in L value 
was less in the 34% fat treatment. The more fat present in the product 
gives a lighter appearance to the surface. There was a significant 
quadratic effect on "b" values (P<.05) by fat level. The 18% fat 
treatment had a lower value, less yellow, than the 24 and 36% fat levels. 
52 
Table 11. Effect of fat and salt level on Hunter color values 
Treatment* Hunter L Hunter "a" Hunter "b"^  
Fat level 
18% 
26% 
34% 
Salt level 
1.25% 
1.75% 
2.25% 
SE 
51.9 
53.7 
54.6 
53.2 
53.3 
53.6 
0.17 
+7.1 
+6.7 
+6.6 
+11.4 
+11.9 
+11.7 
+7.0 
+6.8 
+6.6 
+11.8 
+11.6 
+11.6 
0.20 0.11 
e^an values, N=12 per treatment mean. 
S^ignificant linear fat effect (P<.001). 
'^ Significant quadratic fat effect (P<.05). 
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Texture 
Raw emulsion 
Back extrusion More stable emulsions have been associated 
with increasing batter viscosity or visco-elasticity (Seman ^  , 1980). 
While no significant differences were found with the back extrusion 
peak height (Table 12) , a maximum height was reached at the 26% fat 
level, and peak height tended to Increase as salt level increased. 
However, the standard error of this measure was so great that it 
provided no useful information in predicting the performance of the 
emulsion during cooking. 
Cooked emulsion 
Hardness Hardness is the force required to compress a 
two cm thick slice of bologna 50% (i.e., 1 cm). Fat level had a 
significant linear effect (P<.05) on hardness. As fat level increased, 
hardness decreased. This would be expected since there is less 
protein to harden during cooking in the high fat products. Evidently, 
the protein matrix is not as dense or hard in the 34% fat as in the 
18% fat treatment. This would agree with the Increased gel-liquid 
released as fat level increased. With higher fat levels, the protein 
membrane around the fat particles would become thinner, reducing the 
pressure required to rupture it. With Increasing salt levels, there 
was a trend (although not statistically significant) of increasing 
hardness, 
Table 12. Effect of fat and salt level on textural characteristics of raw and cooked bologna 
Raw Cooked 
Extrusion 
peak Hard­ Springi­
Treatment^  height Cohesive- ness ness'^  Chewi- Gummi-
(mm) ness (kg) (mm/mm) ness ness 
Fat level 
18% 156.2 0.6 144.4 18.7 1499.7 83.8 
26% 164.8 0.4 123.8 22.3 1183.8 51.9 
34% 162.0 0.3 120.7 25.9 1022.8 39.3 
Salt level 
1.25% 153.5 0.4 124.5 23.0 1144.9 50.5 
1.75% 160.9 0.6 126.1 22.2 1423.4 72.1 
2.25% 168.5 0.4 138.3 21.7 1137.9 52.4 
SE 5.15 0.22 6.44 0.58 219 .0 13 .8 
e^an values, N=12 per treatment mean. 
S^ignificant linear fat effect (P<.05). 
"^ Significant linear fat effect (P<.0001). 
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Springiness Springiness measures the recovery of a sample 
after it has been deformed. In this measure, the deformation is from 
the compression of the hardness test. A higher value represents a 
greater permanent deformation or less springiness. Fat level had a 
significant linear effect (P<.0001) on springiness. As fat increased, 
springiness decreased. Higher fat levels gave less resistence to 
compression yield. No linear or quadratic effect in springiness was 
found due to salt level. 
Cohesiveness, chewiness, gumminess No significant linear 
or quadratic effects for cohesiveness or chewiness were found due to 
fat or salt level. Gumminess is a combination of the measures of hard­
ness and cohesiveness. It was found to decrease linearly (P<.05) as 
fat level increased. No significant trend in gumminess was found due 
to salt level. 
TEA values 
The TEA test is a colorimetric measure of malonaldehyde. Malon-
aldehyde is a breakdown product of lipids as they become rancid. The 
results of the test are reported as mg malonaldehyde per 1000 gm of 
meat. A TEA value of one is generally considered to denote a naturally 
rancid flavor in a meat product. 
TEA values of vacuum package bologna are presented in Table 13. 
There was a significant linear fat effect at four weeks (P<.005) and 
six weeks (P<.03). At both times, TEA values decreased as fat level 
increased. 
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Table 13. Effect of fat and sait level on TBA * levels over six week 
storage 
Storage time 
Treatment^  2 weeks 4 .weeks^  6 .weeks® 
Fat level 
18% 0.28 0.46 0.53 
26% 0.27 0.36 0.47 
34% 0.18 0.27 0.34 
Salt level 
1.25% 0.22 0.34 0.40 
1.75% 0.25 0.39 0.47 
2.25% 0.26 0.36 0.47 
SB 0.0/t 0.0/, 0.05 
T^BA values have been corrected for initial levels. 
M^g malonaldehyde per 1000 g of meat. 
M^ean values, N-12 per treatment mean. 
'^ Significant linear fat effect (P<.005), 
S^ignificant linear fat effect (P<.05), 
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The TBA values did increase with time but values were still well 
below 1 mg malonaldehyde per 100 g meat. Salt did not cause an 
increase in rancidity in this 6-week time period, contrary to that 
reported by Neer and Mandigo (1977). Their product was stored frozen 
where the bologna was vacuum packaged. Reducing the oxygen level may 
retard lipid autooxidation. 
It is interesting to note that the high fat (34%) bologna had 
lower TBA values than the low fat (18%) bologna at all storage times. 
Since TBA values are an indication of fat oxidation and by-product 
formation, it would be expected that a higher fat product would normally 
have a higher TBA value. The opposite was found in this experiment. 
The major difference in the formulation of bologna with different fat 
levels was the amount of lean meat and fat added to the product. In the 
high fat bologna, less lean beef was used than in the low fat bologna. 
Since the lean beef contained about 8% fat, it is possible that the fat 
in the lean beef had developed more rancidity than the pork or beef fat 
used in the formulation. If that was the case, it would explain why the 
high fat bologna, which contained the least amount of lean beef, had 
the least amount of rancidity. It is important to remember that none 
of the TBA values were considered high enough to impact a sensory 
perception of rancidity. 
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Experiment II 
Introduction 
The purpose of this experiment was to study the effect of vacuum 
and nonvacuum chopping on bologna with different salt levels. This 
project was designed to answer two questions. This project was to 
determine whether vacuum chopping could partially compensate for reduced 
salt levels in an emulsion product. The second part was to determine 
the characteristics of reduced salt bologna made in commercial equipment. 
Bologna made in Experiment I was with a laboratory size chopper. 
Proximate analysis 
Raw and cooked proximate analysis is shown in Table 14. The bologna 
was formulated to simulate a commercial product of 27 to 30% fat. Thirty 
percent fat is the legal limit in bologna. In heat processing, the 
moisture content decreased and fat level increased. The nonvacuum 
chopped bologna had a significantly higher (P<.005) moisture content 
than vacuum chopped bologna. 
Change in composition 
Calculating the difference between raw and cooked emulsion gave a 
better interpretation of the proximate analysis data (Table 15). There 
was a significant difference in moisture loss (P<.005) due to the type 
of chopping. Nonvacuum chopped bologna lost less fat and moisture than 
vacuum chopped bologna during heat processing. There was a significant 
quadratic effect of salt on moisture (P<.05) and fat (P<.05) content 
Table 14. Proximate analysis of raw and cooked emulsions made in vacuum and nonvacuum chopper with 
varying salt levels 
Treatment 
Raw (%) Cooked (%) 
Moisture Fat Protein Moisture Fat Protein 
Chopper (N=12) 
Vacuum 55.5 27.8 16.0 52.1* 30.6 15.0 
Nonvacuum 55.2 28.6 13.8 53.7b 30.0 14.6 
SE 0.27 0.41 0.24 0.50 
Salt (N=6) 
0.75% 56.2 27.1 14.2 52.1 31.5 16.0 
1.25% 53.3 28.7 15.6 53.0 30.0 15.0 
1.75% 55.1 28.5 15.4 53.1 30.0 14.3 
2.25% 54.7 28.5 14.6 53.1 29.8 15.0 
BE 0.38 0.59 0.46 0.35 0.71 0.56 
e^ans in the same column with different superscripts are significantly different (P<.005). 
M^eans in the same column with different superscripts are significantly different (P<.005). 
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Table 15. Change in composition between raw and cooked emulsions made 
with vacuum and nonvacuum chopper with varying salt levels 
Treatment Moisture (%) Fat (%) 
Chopper (N=12) 
Vacuum -3.4^  +2.8 
Nonvacuum -1.5 +1.4 
SE 0.40 0.49 
Salt (N=6) 
0.75% -4.1 +4.4 
1.25% -2.2 +1.3 
1.75% -2.0 +1.5 
2.25% -1.6 +1.3 
SE 0.56 0.69 
X X 
e^ans in column with different superscript are significantly 
different (P<.005). 
M^eans in column with different superscript are significantly 
different (P<.005). 
x=Significant quadratic salt effect (P<.05). 
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change. The .75% salt bologna lost more moisture than the other three 
salt levels and, therefore, also had higher fat percentage in the cooked 
product. 
Density 
One of the known effects of vacuum processing is an increase in 
density. The vacuum chopped bologna had significantly (P<.0001) greater 
density in both raw and cooked forms (Table 16). Density increased in 
all treatments during heat processing. Salt level had no influence on 
density. Evidently, the change in composition due to salt level (Table 
15) affects density less than the removal of air during vacuumized 
chopping. 
Emulsion stability 
The type of chopping had no significant effect on fat, gel-liquid 
released or total cookout (Table 17). The nonvacuum chopped bologna 
had less cookout than the vacuum chopped bologna. This indicates that 
vacuum chopping may not have any advantage over open bowl chopping 
in emulsion formation. Salt level affected all components of the 
emulsion stability test. Salt had a significant linear effect (P<.005) 
on fat released. As salt concentration Increased, the amount of fat 
released decreased. Gel-liquid loss was significantly effected 
linearly (P<.005) and quadratically (P<.001). Increasing salt concen­
tration caused a drop in amount of liquid lost. The quadratic effect 
shows that a greater amount of liquid was lost by the .75% salt level 
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Table 16. Effect of vacuum and nonvacuum chopping with varying salt 
levels on density of raw and cooked emulsions 
3 Emulsion density (gm/cm ) a. 
Treatment Raw Cooked 
Chopper (N=12) 
Vacuum 1.07^  1.09^  
Nonvacuum 0.98^  O.99C 
SE 0.005 0.005 
Salt (N=6) 
0.75% 1.02 1.04 
1.25% 1.02 1.04 
1.75% 1.02 1.05 
2.25% 1.03 1.03 
SE 0.008 0.007 
M^easured by water displacement. 
M^eans in same column with different superscripts are significantly 
different (P<.01). 
"^ Means in same column with different superscripts are significantly 
different (P<.01). 
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Table 17. Effect of vacuum and nonvacuum chopping with varying salt 
levels on emulsion stability and product yield 
Total Fat Gel-liquid Product 
cookout released released yield 
Treatment (ml) (ml) (ml) (%) 
Chopper (N=12) 
Vacuum 2.0 0.5 1.5 92.0 
Nonvacuum 1.5 0.2 1.3 92.7 
SE 0.21 0.11 0.11 0.48 
Salt (N=6) 
0.75% 4.1 1.0 3.2 88.6 
1.25% 1.3 0.2 1.1 93.1 
1.75% 0.9 0.2 0.8 93.9 
2.25% 0.6 0.1 0.5 94.0 
SE 0.30 0.15 0.15 0.67 
xy X xy xy 
x=Signlfleant linear salt effect (P<.005). 
y=Significant quadratic salt effect (P<.001). 
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than the other levels. There was a significant linear (P<.005) and 
quadratic (P<.001) effect of salt on total cookout. With an Increase 
in salt concentration, total cookout decreased. This is in agreement 
with the findings in Experiment I. As with fat and liquid released, 
the effects seemed to level off at 1.25% salt. The common trend in 
these factors suggests that a minimum salt level was reached at 1.25% 
salt. The drastic Increase in fat and liquid loss at .75% salt shows 
that going below 1.25% salt is impractical. It appears that with 1.25% 
salt there is sufficient protein solubilized to emulsify the fat 
present. Water holding capacity at this level seems to be sufficient 
also. Further increases in salt level continued to improve the results 
of the stability test. 
Product yield 
Product yield results are shown in Table 17. Type of chopping 
not significantly affect yield but nonvacuum chopped bologna had 
slightly higher yield. Salt level had a significant linear (P<.005) 
and quadratic (P<.001) effect on product yield. As salt level Increased, 
yield increased. The same effect was seen as in the stability test; a 
large decrease in yield for the .75% treatment compared to the other 
salt levels. These data point out the Impracticallty of the .75% salt 
treatment from a production standpoint. With Increasing salt levels, 
yield improves but there was very little change between 1.75% and 2.25% 
salt. Product yield and emulsion stability tests agreed in this 
experiment while the same measures in Experiment I did not closely agree. 
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In Experiment I, the low salt was 1.25% while the low salt level in this 
experiment was .75% which accounts for the differences in results. Also, 
the type of chopper used to form the emulsion affected the results, 
since the mean values for the emulsion stability test were lower when 
the commercial size chopper was used than when the lab chopper was used 
to form the emulsion. 
Hunter Lab Color values 
Vacuumizatlon of the chopper did significantly affect (P<.0005) 
Hunter color values (Table 18). Nonvacuum chopped bologna had higher 
L and "a" values. Higher L values denote a lighter color. This 
could be due to more cured pigment formation in the vacuum chopped 
bologna. If this was true, then the "a" value which is a measure of 
redness should be higher in the vacuum chopped bologna. The "a" 
values for nonvacuum and vacuum chopped bologna are essentially the 
same. The difference in L values could be due to the more dense surface 
of the vacuum chopped bologna. The nonvacuum chopped bologna cut 
surface contained some small air pockets where the vacuum chopped 
bologna had a solid cut surface. The higher "b" value for nonvacuum 
chopped bologna indicates it had a more yellow color, although the mean 
values do not differ greatly. Level of salt had a significant linear 
effect on L and "b" values (P<.05) and a quadratic effect (P<.01) on 
L values. The quadratic effect of salt on the L value is probably a 
measure of fat lost In processing due to the decrease in emulsion 
stability at the .75% salt level. Products with lower fat content 
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Table 18. Effect of vacuum and nonvacuum chopping with varying salt 
levels on Hunter color values 
Treatment Hunter "L" Hunter "a" Hunter "b" 
Chopper (N=12) 
Vacuum 58.5* +11.9 +11.1* 
Nonvacuum 59.6^  +11.8 +11.5% 
SE 0.15 0.10 0.05 
Salt (N=6) 
0.75% 57.9 +12.2 +11.1 
1.25% 59.5 +11.7 +11.3 
1.75% 59.6 +11.7 +11.4 
2.25% 59.2 +11.9 +11.4 
SE 0.21 0.14 0.07 
xy 
* 
e^ans In same column with different superscripts are significantly 
different (P<.0005). 
M^eans in same column with different superscripts are significantly 
different (P<.05). 
x=Signifleant linear salt effect (P<.05). 
y=Slgnlfleant quadratic salt effect (P<.01). 
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have lower L values. The "b" values show a slight increase as salt 
levels increase. 
Sensory evaluation 
Sensory panel evaluation is presented in Table 19. Panelists 
rated the nonvacuum chopped bologna significantly higher for flavor, 
texture and overall acceptability (P<.0005). There was no difference 
in color due to type of chopping. Salt had a highly significant linear 
effect on flavor, texture, overall acceptability and color (P<.0005). 
For each characteristic, as salt level Increased, panel preference 
improved. These results are very similar to those reported by Neer 
and Mandigo (1977). The important point here is that the 1.75% and 
2.25% salt levels were both rated as acceptable. This shows that 
salt levels can be reduced in bologna and still yield an acceptable 
product for the consumer. There were significant salt by chopper 
interaction for flavor, texture and overall acceptability (P<.05). 
The interaction for flavor (Figure 3) shows that as salt increased, 
flavor scores improved. Nonvacuum chopped bologna rated higher at .75, 
1.25 and 1.75% salt levels. At the 2.25% salt level, vacuum chopped 
bologna rated slightly higher than nonvacuum chopped bologna. The 
interaction for texture (Figure 4) shows that texture scores improved 
as salt level increased. At .75, 1.25 and 1.75% salt, nonvacuum 
chopped bologna scored higher than vacuum chopped bologna. At 2.25% salt, 
there was essentially no difference between chopping methods. Overall 
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Table 19. Effect of vacuum and nonvacuum chopping with varying salt 
levels on sensory panel measures* 
Treatment Flavor Texture 
Overall 
acceptability Color 
Chopper (N=12) 
Vacuum 3.4% 3.6% 3.4% 4.2 
Nonvacuum 4.1^  4.3f 4.2 4.4 
SE 0.07 0.10 0.10 0.10 
Salt (N=6) 
0.75% 2.6 2.7 2.5 3.5 
1.25% 3.4 3.8 3.5 4.2 
1.75% 4.3 4.4 4.4 4.6 
2.25% 4.7 4.7 4.7 4.9 
SE 0.11 0.14 0.14 0.14 
xz • • • • X z 
S^cores for all traits: l=dislike extremely; 4=neutral; 7=like 
extremely. 
M^eans in same column with different superscripts are significantly 
different (P<.0005). 
M^eans in same column with different superscripts are significantly 
different (P<.0005). 
x=Significant linear salt effect (P<.0005). 
z=Significant salt by fat interaction (P<.05). 
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Figure 6. Salt by fat interaction for sensory panel flavor 
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Figure 7. Salt by fat interaction for sensory panel texture 
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acceptability scores followed the same pattern as both flavor and texture 
scores. Sensory panel color scores (Figure 6) followed the same trend 
but were not significantly different. These interactions are not 
easily interpreted but they may suggest some effects. It would appear 
that vacuum chopping may have a beneficial effect on sensory properties 
if the salt level is at least 2.25%. It has generally been accepted, 
although little data is available, that vacuum chopping emulsions make 
a superior product. The data in this study are contradictory to that 
generally held belief. However, the meat industry typically uses 2.25% 
to 3.0% salt in emulsion products. This experiment indicates that if 
salt is reduced below 2.25%, the general advantages in emulsion formation 
in vacuum chopping may not be realized. These data suggest that this 
may be an Important area for further research, especially if processors 
who are presently using vacuum choppers decide to lower salt levels 
in their emulsion meat products. 
Product evaluation 
Data in Table 20 show that all samples peeled. Products with this 
fat percentage should have no problem of casing removal. Visual 
appraisal of the bologna after it was sliced revealed some serious 
production problems. There was a highly significant linear (P<.0001) 
and quadratic (P<.0001) effect on fatout. As salt level increased, the 
occurrence of visible fat decreased but the three lowest salt levels 
rated very similar. The .75% salt bologna had very large distinct fat 
pockets that occurred very frequently throughout the bologna sticks. The 
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Figure 8. Salt by fat interaction for sensory panel overall acceptability 
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Figure 9. Salt by fat interaction for sensory panel color 
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Table 20. Effect of vacuum and nonvacuum chopping with varying salt 
levels on visual fatout and peelability 
Treatment Visual fatout^  Peelability^  
Chopper (N=12) 
Vacuum 1.7 3.0 
Nonvacuum 1.8 3.0 
SE 0.059 
Salt (N=6) 
0.75% 2.0 3.0 
1.25% 2.0 3.0 
1.75% 1.8 3.0 
2.25% 1.0 3.0 
SE 0.83 
xy 
*l=no fat visible, 2=fat particles visible. 
l^=adhered, 2=slightly adhered, 3=peels. 
x=Significant linear salt effect (P<.0001). 
y=Significant quadratic salt effect (P<.0001). 
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1.25% salt product occasionally had large fat pockets usually at the 
ends of the sticks. The 1.75% bologna had very small fat particles 
that were visible only when the slices of bologna were rolled. There 
were obvious differences in texture between vacuum and nonvacuum 
chopped bologna. As would be suggested by the density values, non-
vacuum chopped bologna had small air holes visible. Vacuum chopped 
bologna had a very fine textured surface with no air pockets. The 
.75 and 1.25% salt treatments in both vacuum and nonvacuum chopped 
bologna had very poor texture. The decreased emulsion stability and 
low yield of the .75% salt bologna can explain its poor appearance. 
Based on the yield and emulsion stability test of the 1.25% bologna, 
it would be expected to have a more attractive appearance. From these 
observations, it seems the minimum salt level for successful bologna 
production would be between 1.25 and 1.75% salt at 30% fat level. 
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SUMMARY 
The effect of reducing fat and salt and vacuumized chopping on 
bologna was evaluated. Reducing fat levels decreased fat and gel-liquid 
release. As salt level increased, cookout decreased. 1.75% salt and 
26% fat appears to be a possible combination for a reduced salt bologna 
from a production standpoint. Reducing fat caused problems with 
peelability; below 26% fat, casings adhered to bologna surfaces. Cooked 
texture analysis showed that as fat increased, hardness and springiness 
decreased. Storage studies over six weeks found little effect of 
fat or salt on TBA levels.. Vacuum chopping was found to have little 
influence on emulsion stability and product yield when compared to 
nonvacuum chopping. Nonvacuum chopped bologna was preferred by sensory 
panel members for flavor, texture and overall acceptability over 
vacuum chopped bologna. Increasing salt levels improved fat and water 
binding. For production, 1.25% salt was the minimum level, however, 
1.75% salt produced an acceptable product with 30% fat. Sensory panel 
scores increased as salt level increased. Salt levels of 1.75% and 2.25% 
were both rated as acceptable. Significant chopper-salt interaction 
showed that nonvacuum chopped bologna was preferred over vacuum chopped 
at all salt levels except the 2.25% salt level. 
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CONCLUSIONS 
1. Reduction of salt level requires a reduction in fat content 
to make an adequate bologna from a production standpoint. 
2. Bologna can be made with 2.25% salt using 18%, 26% and 34% fat. 
3. The 1.75% salt bologna had acceptable production characteristics 
with 18 and 26% fat. 
4. Bologna made with 1.25% salt was acceptable only with 18% 
fat from a production standpoint. 
5. Bologna chopped under a vacuum was not better than bologna made 
under nonvacuum, except at the 2.25% salt level. 
6. Bologna containing .75% salt was totally unacceptable for 
production and sensory characteristics. 
7. Bologna containing 1.25% salt was" marginally acceptable for 
production characteristics but was found unacceptable for sensory 
characteristics. 
8. Bologna containing at least 1.75% salt was found to be acceptable 
for all characteristics. 
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